available within the cranial cavity, and a state of "craniocerebral disproportion" exists. The presence of craniocerebral disproportion that develops from any cause--external hydrocephalus, internal hydrocephalus, arachnoid cyst, or chronic subdural hematoma--makes the patient exceptionally susceptible to subdural hemorrhage after what would otherwise be inconsequential trauma. [5, 14, 18, 21, 26, 30, 35, 37] In particular, the prevalence of subdural hematoma in case series of patients with external hydrocephalus seems significant. In a study reported by Azais and Echenne, [5] "spontaneous" subdural hemorrhage was demonstrated in five of 41 patients with "benign enlargement of the subarachnoid spaces" on ultrasonography and computerized tomography scanning. Laubscher, et al., [21] have described a "nonbattered" infant among their 22 patients with pericerebral subarachnoid space enlargement, in whom a "spontaneous" subdural "hygroma" developed that the authors attributed to the vulnerability of the bridging subarachnoid veins. Mori, et al., [26] have reported three infants with subdural hemorrhage of 20 patients with infantile subarachnoid fluid collection. Although they fall within the shadow of publication bias, these series suggest that the prevalence of subdural hematoma in infants with external hydrocephalus may be as high as 11%.
Caffey, [9] who first described the shaken infant syndrome, recognized that infants with hydrocephalus were prone to the development of subdural hematomas, but neither he nor any subsequent author has arrived at the following logical conclusion: the development of a subdural hematoma after minor trauma in an infant with craniocerebral disproportion might be the occasion for unjustified accusations of child abuse. The concomitant presence of retinal hemorrhages in such an instance would reinforce that the diagnosis of inflicted injury is incorrect in such cases.
CASE REPORT
History. Emergency medical technicians were called to evaluate this 4-month-old boy because of status epilepticus.
Presentation. The child had been well except for the presence of macrocephaly. At 6 weeks of age his head circumference had been measured as 41.5 cm (> 95th percentile). On the day of presentation, his mother had been propping him up in a standing position against a piece of furniture in the presence of his father and paternal grandmother. The mother became distracted, and the infant fell, striking the back of his head on a carpeted floor. He cried immediately, but soon experienced a generalized convulsion. A sequence of generalized convulsions followed and ceased only after diazepam was administered rectally. A computerized tomography scan of the head revealed a small acute subdural hematoma that was associated with bilateral low-density extracerebral fluid collections. On Day 3 postadmission magnetic resonance imaging established that these fluid collections reflected diffuse enlargement of the subarachnoid spaces (Fig. 2) . A skeletal survey was negative. There is a prominent, symmetrical, extracerebral fluid collection of the same intensity as ventricular cerebrospinal fluid (CSF) (white asterisk). Lower: Coronal, T 2 -weighted image demomstrating that the extracerebral fluid remains at the same intensity as ventricular CSF, and anastomotic veins can be seen passing from the surface of the cortex to the dura through it (black arrows). The extracerebral fluid therefore represents enlargement of the subarachnoid space. These images are diagnostic of external hydrocephalus.
The patient recovered without specific treatment.
Investigation of Physical
Abuse. An extensive police and social service investigation, which at the parents' request included polygraph testing, failed to uncover any risk factors or circumstances suspicious for child abuse.
Diagnosis.
The infant was seen in pediatric neurosurgical consultation at age 6 months, at which time he was well. The only notable physical finding was a head circumference that measured 47 cm. The diagnosis of external hydrocephalus was made at this time.
Follow-Up Course. Under careful ophthalmological surveillance, the retinal hemorrhages were noted to clear within 3 months, and the subhyaloid hemorrhages cleared within 6 months. No amblyopia or other visual disturbance persisted.
The patient remained at his home in the care of his natural parents, and at his 18 month follow-up examination, his development was normal. His head circumference measured 51 cm. Magnetic resonance imaging of his head showed very mild prominence of the subarachnoid spaces and judged to be within normal limits. A telephone follow-up interview with the community physician of the patient when he was 44 months of age indicated excellent general health, perfectly normal development, and a stable family life.
DISCUSSION
The coexistence of subdural hematoma and retinal hemorrhage in an infant is considered virtually indicative that child abuse has occurred. The significance of these findings has been established over time by their frequent association with other typical signs of abuse: injuries at various ages and those affecting various body parts, as well as parental delay in seeking medical attention. In the case described here, however, no other injuries or suspicious circumstances were present, and the accusations of abuse grew entirely out of the perception that the mechanism of the injury was implausible. Although the question of inflicted injury can never be dismissed completely, the recognition of preexisting external hydrocephalus in this case at least partly undermines the explanation that the subdural hematomas were mechanistically implausible. Furthermore, the small volume of the hematomas and the absence of lasting neurological sequelae constitute additional evidence that the traumatic forces responsible for the injury case were not great. The child's subsequent healthy development in his home environment further validates the diagnosis that his injury was accidental.
The mechanism for the development of subdural hemorrhage in infants has been thought to be shear injury to the anastomotic veins, passing from the surface of the cerebral cortex to the dural venous sinuses, particularly the sagittal sinus. [12] Because the brain and the skull have differing viscoelastic properties, sudden forces applied to the head cause the brain to "slosh" inside the skull. [34] Regardless of cause, craniocerebral disproportion compromises the natural mechanical stability of the brain within the skull. In cases in which external hydrocephalus is present, the bridging veins passing from the cerebral convexities to the dural venous sinuses may be rendered more vulnerable to shear injury by their long courses through the exaggerated subarachnoid spaces.
The association of retinal hemorrhage with catastrophic intracranial hemorrhage is familiar to all neurosurgeons. Aneurysmal subarachnoid hemorrhage is the paradigm, and the accepted mechanism is transmission of the sudden elevation of intracranial pressure to the central retinal vein and its choroidal anastomoses via the subarachnoid space of the optic nerve sheaths. [20, 27] In infancy retinal hemorrhages have long been recognized as a distinctive feature of head injury caused by physical abuse, [13, 28, 42] but the physical mechanisms remain to be clarified. [15] One possibility is that the rupture of retinal veins is caused by a pressure surge transmitted either from the cranial cavity through the subarachnoid space of the optic nerve sheaths or from the chest through the cervicocephalic veins (the so-called Purtscher retinopathy). [42] Another possibility, by analogy with subdural hemorrhage, is that a direct acceleration-deceleration insult to the globe causes shear stresses between the ocular tissues with differing mechanical properties; this mechanism of injury is especially prominent in autopsy cases. [15, 22] Because a gradation of inflicted ocular injury corresponds to the gradation of severity of the associated intracranial injury, [15, 43] different mechanisms likely come into play in response to varying degrees of violence.
To the best of the author's knowledge, retinal hemorrhages have not been described before in association with minor trauma in the setting of external hydrocephalus. Whether or not external hydrocephalus imparts a special susceptibility to ocular hemorrhage is unknown; however, in the present case the involvement of the eyes seems severe in relation to the extent of the intracranial hemorrhage. One mechanistic hypothesis is that the subarachnoid spaces along the optic nerves may be dilated in the same manner as the intracranial subarachnoid spaces are. Furthermore, the dilated intracranial subarachnoid spaces may transmit pressure impulses more efficiently, and with less dampening than in the normal state. Intracranial compliance may be low in the setting of external hydrocephalus as well. A minor skull impact could therefore generate an exaggerated intracranial pressure impulse that might, in turn, be transmitted undampened out along the optic nerves and into the orbits as far as the globes. Because of the format of the imaging studies obtained in the case reported here, it was not possible to assess the subarachnoid spaces within the optic nerve sheaths, and so this explanation remains speculative.
Until its pathogenesis has been elucidated more thoroughly, the forensic interpretation of retinal hemorrhage should be handled cautiously in the setting of external hydrocephalus. In many familiar clinical situations, retinal hemorrhage is linked to the occurrence of sudden pressure transients within the cranial cavity. The mechanical properties of the cranium and its contents are abnormal in cases of external hydrocephalus, and the mechanical coupling of the cranium and eye may therefore be abnormal as well. The outcome of the case reported here reinforces this line of reasoning and raises a concern that can only be settled by additional clinical experience and, perhaps, experimental data: in the setting of external hydrocephalus, retinal hemorrhage may not be pathognomonic of abusive injury.
